Evidence for benefits of anti-oxidative power of polyphenols in cardiovascular diseases has been established. In the present study, effect of polyphenol rich green tea on selected metabolic biomarkers among Asian Indian women with metabolic syndrome in normal free living condition has been recorded. Thirty three Asian Indian women (>30 y) confirmed as having metabolic syndrome, were enrolled for the present study based on written informed consent. Subjects were asked to consume three cups of green tea daily for a period of four months. Regular telephonic contact and periodic visit to supply the tea were made to ensure compliance with the intervention and maintenance of lifestyle and dietary pattern, as followed before the experimental period. Parameters analyzed at baseline have been used as control data to eliminate individual variation. Doubleblind analysis of selected metabolic markers was done at baseline, 2 months and 4 months of the intervention period. At four months, a significant reduction from baseline was observed in weight (2%), waist circumference (4.5%), blood sugar (4%), glycosylated hemoglobin (4%), total cholesterol (11%) and LDL cholesterol (13%) (p < 0.01). The effect of green tea consumption on BMI, fasting insulin, HDL cholesterol, triglyceride, VLDL, C-reactive protein and homocysteine levels was either inconsistent or non significant. The present study showed that green tea consumption by free living subjects with metabolic syndrome resulted in significant improvements in some of the cardiovascular risk factors including visceral fat, blood sugar and cholesterol level.
Introduction
There is strong evidence to suggest beneficial effects of dietary polyphenols in reducing several oxidative stress related health problems including cardiovascular mortality rate [1] . Catechins, a group of polyphenols, present in green tea, have been found to exhibit anti-oxidant properties. Studies have reported that regular consumption of green tea may improve lipid profile by inhibiting key enzymes involved in lipid biosynthesis, reducing intestinal lipid absorption, regulate vascular tone, prevent progression of atherosclerosis by preventing vascular inflammation and inhibit thrombogenesis [2] . Anti-obesity effects of green tea catechins in terms of increased energy expenditure, increased fat oxidation, decreased appetite, and decreased GI absorption have been reported by Rains, Agarwal & Maki (2011) [3] . Folic acid and caffeine present in green tea may have an added advantage of lowering homocysteine level [4] [5] and CRP levels [6] .
Metabolic syndrome (MS) is characterized by presence of several risk factors such as diabetes and prediabetes, abdominal obesity, high cholesterol and high blood pressure [7] . These parameters may be positively affected by supplementation with green tea polyphenols. Ikeda (2008) [8] suggested that tea catechins and also the heat-treated tea catechins may contribute to prevention of metabolic syndrome. Recent studies have suggested that green tea may be incorporated into a targeted dietary program as part of public health policy to improve cardiovascular health [9] . It is important to establish role of regular green tea consumption on different metabolic biomarkers. The present study aims to determine the effect of green tea supplementation on metabolic biomarkers among the metabolic syndrome patients.
Experimental Methods
Based on the Modified NCEP ATP III definitions for metabolic syndrome among Asians [10] , a large number of urban female subjects leading sedentary life style were screened. The present study is a part of larger study wherein subjects with metabolic syndrome were randomly assigned to green tea and black tea group. Thirty three female subjects in the age group of 30 -75 y confirmed as having metabolic syndrome were enrolled for the Green tea intervention. The free living volunteers were asked not to deviate or to maintain the same lifestyle and dietary pattern as followed before the experimental period. A regular telephonic contact and periodic visit to supply the tea was made to ensure compliance with intervention. Written informed consent was obtained from all the subjects.
Anthropometric measurements such as weight and waist circumference were taken as per standard protocol. The proposal was approved by the Institutional Ethics committee of Department of Pharmacology, Grant medical College and Sir J.J. Group of Hospitals, Mumbai, India.
Intervention
Subjects were asked to consume three cups of green tea daily for a period of four months. Zaveri (2006) [11] , reported that one cup of green tea may contain 100 -200 mg of Epigallocatechin gallate (EGCG). This is much higher in comparison to the levels in the Indian sample analyzed (68.67 mg/cup). 3 -4 cups of tea/day (450 -600 ml/day) would provide 155 -206 mg of EGCG and about 434.5 mg of total catechins ( Table 1) . Green tea bags of standardized weight and concentration (Table 1 ) from the same batch were supplied to all participants every fortnight. The method for preparation of green tea was carefully explained and demonstrated in groups at the beginning of the study. Subjects were allowed to add honey or sugar to the tea based on personal preference. They were specifically advised to refrain from modifying other lifestyle factors such as diet and physical activity during the intervention period. Frequent follow-up and monitoring was done to ensure that the subjects adhered to the experimental protocol.
Blood Sampling
5 ml of peripheral venous blood was collected by vein puncture using a dry, disposable syringe by trained pathologists from local blood collection centre between 8 am -9 am after an overnight fast (10.5 -12 hours). Blood was collected in sterile tubes containing EDTA as anticoagulant for plasma separation. For serum separation, blood was collected without EDTA. Plasma and serum were separated by centrifugation at 3000 rpm for 15 min, stored at 4˚C and send to central pathological lab where samples from different localities were analyzed for various biochemical assays.
Biochemical-Analytical Methods
Fasting blood samples were analyzed for glucose (GOD-POD method) [12] , insulin (Radio immune assay) [13] , glycosylated hemoglobin (colometirc method) [14] , total cholesterol (CHOD-PAP with ATCS method) [12] [15]- [17] , triglyceride (GPO-POD method with ESPAS) [18] - [21] , HDL-cholesterol [22] - [27] , LDL-cholesterol (empirical equation of Friedewald et al. 1972 ) [28] . Inflammatory biomarkers such as C-Reactive Protein (CRP Turbilatex with high sensitivity and specificity was used) [29] - [34] and Homocysteine (Hcy) using Automated Enzymatic Assay for Homocysteine [35] were also analyzed.
The anthropometric and biochemical parameters such as weight, waist circumference, BMI, blood sugar, fasting insulin, glycosylated hemoglobin, lipid profile, C-reactive protein and homocysteine levels were recorded at baseline, 2 months and 4 months.
Statistical Analysis
Numerical data are presented as mean values ± S.D. Mean differences in the metabolic markers from baseline to 2 months and 4 months and from 2 months to 4 months were compared using student t test. All analysis was done using Statistical Package for Social Sciences (SPSS) version 12.0.
Results
Regular consumption of 3 cups of green tea per day by the subjects resulted in significant differences in the MS biomarkers. The anthropometric and biochemical parameters were tested at baseline, 2 months and then at 4 months.
A significant reduction in weight of 2% was observed from baseline to 4 months (p < 0.05). At 2 months, the reduction was highly significant which showed the immediate effects of green tea on weight. BMI also showed a significant decline in the first 2 months of intervention ( Table 2 ). Waist circumference reduced by 4.5% at 4 months as compared to baseline (p < 0.01) which indicates the impact of green tea on visceral fat.
At the end of 4 months, fasting blood sugar levels decreased by 4% from baseline (p < 0.01). HbA1c, which is indicative of long term blood sugar control, also showed a highly significant reduction after 4 months of green tea consumption (p < 0.01). But fasting insulin level of MS subjects fluctuated within the normal range ( Table 3) .
After 4 months of green tea consumption, total cholesterol and the LDL cholesterol levels reduced significantly by 11% and 13% respectively from baseline (p < 0.01) whereas HDL cholesterol levels showed a non significant decrease. Green tea supplementation in female with MS showed an inconsistent effect on Triglyceride level (Figure 1) . In fact, a significant rise was seen in the first 2 months (p < 0.05) which is not a favorable effect. As VLDL contains large amount of TG, the effect of supplementation followed similar effect for VLDL.
The anti-oxidative power of green tea polyphenols may have positive impact on two important inflammatory biomarkers; CRP and HCY, which have been analyzed in the present study. Study results showed an increasing trend for both CRP and Hcy at 4 months period. CRP levels were much higher than normal at baseline and increased significantly by the end of intervention period. HCY levels in female subjects with MS showed a non significant decrease in the first 2 months of consuming green tea but increased on continued supplementation ( Table 4 ). Table 3 . Effect of Green tea on blood sugars and insulin of MS subjects (n = 33).
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Waist circumference, indicative of visceral fat, also showed highly significant reduction by the end of 4 months ( Table 2) . Decrease in visceral fat is more important as far as metabolic disorders are concerned since it has been recognized as a major risk for obesity-related diseases contributing to pro-oxidant and pro-inflammatory states as well as to alterations in glucose and lipid metabolisms [38] [39] . A recent study on elderly subjects with MS showed that consumption of 1.0 g of green tea three times a day for 2 months was effective in inducing weight loss, reducing BMI and waist circumference [40] .
Body Mass Index
While weight and waist circumference showed a significant decline within 4 months, but BMI did not show any significant changes ( Table 2 ). Studies have shown that BMI serves as a relative measure of body weight but is a poor indicator of body composition in terms of percent body fat [41] [42].
Blood Glucose
Fasting Blood Sugar
A highly significant reduction in fasting blood sugar levels (p < 0.01) was observed in the female subjects upon consuming green tea for 4 months ( Table 3) . At 2 months, overall trend of reduction was observed but not at significant level. Maruyama et al. (2009) [43] showed that Japanese men who consumed green tea at 3% concentration showed lower mean values of fasting blood glucose than those who consumed 1% concentration showing that at a high concentration, green tea has the potential to reduce blood glucose levels.
Glycosylated Hemoglobin (HbA1c)
HbA1c levels decreased significantly to below 6% from baseline to 4 months ( Table 3) . In non-diabetics, HbA1c can be considered as a surrogate marker for metabolic syndrome [44] and in individuals with type 2 diabetes; higher HbA1c levels have been associated with increased risk of coronary heart disease, cardiovascular disease and total mortality [45] . A recent meta-analysis of 17 randomized controlled trials revealed that green tea consumption decreased fasting glucose and HbA1c concentrations and significant reduction in fasting insulin levels were observed upon subgroup analyses [46] .
Fasting Insulin
Fasting insulin levels showed an increase in the first 2 months of intervention and then returned back to baseline by the end of 4 months ( Table 3 ). The range for normal fasting insulin is very wide (2 -25 μIU/mL) making it difficult to predict disease risk, especially with insulin resistant or insulin deficient diabetic condition [47] . The phenolic compounds in tea are proposed to stimulate pancreatic β cells causing an elevation in insulin response which attenuates postprandial glycemia [48] .
Lipid Levels
Total and LDL Cholesterol
Total cholesterol and LDL cholesterol (derived from total cholesterol) levels reduced significantly (p < 0.01) and at 4 months they were within the normal range (<200 mg/dL) [49] (Figure 1) . This indicates rich supply of antioxidants through tea protecting against oxidative stress and thereby atherosclerosis. Results from animal studies suggest that polyphenols in green tea may block cholesterol from being absorbed in the intestine and also help the body get rid of cholesterol [50] . Chan et al. (1999) [51] proposed that gallate esters in catechins interfere with biliary micelle system in the lumen of the intestine by forming insoluble co-precipitates of cholesterol and increasing the fecal excretion of cholesterol. Meta-analysis of 14 randomized controlled trials by Zhen et al. (2011) [9] showed that consumption of green tea beverages and green tea extract significantly lowered total cholesterol by 7.2 mg/dL (p < 0.001) and LDLcholesterol by 2.19 mg/dL (p < 0.001). However, the mean change in blood HDL-cholesterol concentration was not significant.
HDL Cholesterol
High HDL independently exerts a beneficial effect on lowering cardiovascular disease risk [52] . In the present study, HDL levels decreased with green tea consumption (Figure 1 ) which is not a favorable action. In a study on 13,916 Japanese workers aged 40 -69 years, green tea consumption was not significantly associated with serum triglycerides and HDL cholesterol [53] .
Triglyceride & VLDL Cholesterol
Triglyceride level and VLDL cholesterol levels showed an initial rise at 2 months and then started going down by 4 months but were still higher than baseline levels (Figure 1) . Juhel et al. (2000) [54] evaluated the inhibitory activity of green tea extract (AR25 standardized at 25% catechins) on gastric and pancreatic lipase activities in-vitro using triolein, a long-chain triglyceride as substrate. The green tea extract AR25 exhibited marked inhibition of digestive lipases in vitro which is likely to reduce lipolysis of triglycerides and fat digestion in humans. This may provide a possible explanation of initial rise in serum triglycerides.
Inflammatory Biomarkers
C-Reactive Protein (CRP) Levels
Initially considered as a marker of inflammation, a marginally high CRP value (2.4 mg/l) in healthy asymptomatic people may cause two times higher future risk of a coronary event than those with levels < 1.0 mg/l [55] . Hs-CRP and total cholesterol: HDL ratio, have been found to be the only plasma markers that independently predict cardiovascular disease risk in healthy women [56] .
CRP levels among Asian Indian women with metabolic syndrome showed a steady rise with green tea supplementation despite the rich supply of anti-oxidants. This observation needs in depth study, especially in context to MS population. Theoretically, the polyphenols in green tea is expected to help in reduction of the markers of inflammation but the study results are contradictory ( Table 4) . Maki et al. (2010) [57] examined the relationship between green tea consumption and serum concentrations of CRP in a large population of free-living Japanese men and women. They observed that green tea consumption showed no measurable relationship with CRP concentrations in either men or women.
Homocysteine (HCY)
Homocysteine levels also showed inconsistent changes during the intervention period ( Table 4) . Hodgson et al. (2003) [58] hypothesized that high doses of tea solids (from black tea) may increase HCY due to possible acceptance of methyl groups by polyphenols during metabolism of methionine to homocysteine. But results showed that regular ingestion of black tea did not alter mean HCY concentrations in 21 subjects consuming 1250 mL black tea/d (5 cups each containing 2 g tea leaves in 250 mL boiled water).
Folate is a co-factor in the metabolism of homocysteine to methionine. Low folate level causes a rise in the homocysteine levels (called hyperhomocysteinemia) and is therefore considered angiogenic. Olthof et al. (2001) [59] reported that chlorogenic acid, a compound found in black tea and coffee, may cause a rise in total homocysteine concentrations by 12% (1.2 µmol/L) in postprandial plasma and by 4% (0.4 µmol/L) in fasting plasma. It also lowered the plasma fasting folate concentrations by 8%. This observation is supported by the result of the present study where a consistent rise in HCY level has been noted in the females consuming tea ( Table 4) .
Long term supplementation may show a positive impact on CRP and HCY, which is not conclusive by 4 months.
Conclusions
Green tea exerts strong anti-oxidative effects and can have beneficial impact on health. The presence of metabolic syndrome acts as a prelude to impending risk of CVD which is known to be the leading cause of morbidity and mortality. The present study shows that consumption of green tea on regular basis may have positive effect on some of the important metabolic risk factors such as visceral fat, lipid profile (total and LDL cholesterol) and blood sugars (fasting blood sugar, HbA1C) within a short time (Table 5) . However, inflammatory markers such as Hcy and CRP may require longer intervention period and higher doses to show observable trends with green tea supplementation. The present study was conducted among free living population with regular monitoring and follow-up to ensure compliance and restrict lifestyle and other dietary changes. Therefore, the sample size (number of observation) was kept under control. More studies in the future using larger sample size and longer intervention period would help to substantiate the claims of beneficial effects of green tea consumption on CVD risk factors in individuals with metabolic syndrome.
